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ABS'I'RACT
Moislure-Solids transfer during the osuotit'deh.tdrettirnt ol lhrac burttttttt (M!;!! supietunU
varieties was investiguted. Cuvenclish, Omini-red and Cooking lnnunu rrerc trunsvcrsalt sliced into
10, l5 antl 20mm thicknesses. Sample of'each thic'kncss v'ert intmerseil in 52",6d'uul 68"8 su('rose
soluliotts.Afruil:solulionralioof l:20(rv/rv)v'asmuintuined.Tlrc./ntit-solutiortttti.ttut'eswera keptut
2/',34" and4dC1br l2 hours. Sumples were etctluutcd gwinrctrit 'ulb'ut ) hours intan'ul. ft,loisture
und total solids contenls were delermined und expressed us g x'utarig dn'nruttar (Dlvl) uud g solids/g
initiul mass respectivelT'.
Moisture conterrts on dry husis of the bananu slices were 
.linnd to rla<'rcusa v'ith intrcused
immersion lime, solution corrcettlration and tentperature. Ilotvcver. ntoisture u)nt(nts decrcused v'illt
decreused slice thic'kness. Total solids conlenl increused wilh increusad inntcrsiott tinrc. solutiott
concetilrolion and tetnperature, bul decreused with decreasecl slice thickncss. Omirti rad uiltivur hud
the lotvest moisture co,rtent and tl,e highest total solids content at lhe end ol' Il funtrs t2l rxutttit'
treulnrenl. Complex polynnrtiol cqualion shorirtg the relutionship with nnislure urttl totul stilids
co,rtenls with immersion time showed high correlution (R: = 0.9919 - L000).
Ke1'rvordS: Cavendish, Cooking banana. IVlass transfer, Omini red. Osnrotic Dehydration
TNTRODT.ICTION
Osmotic dehydration is used for partial renroval of
rvater from materials such as fruits ancl vegetables
when imnrersed in a concentrated solution of sugar or
salt. The osmotic solute diffused from the solution
into the product and water is transported from the
material into the solutron due to osnrotic pressure
differential between the food and the solution
(Rastogi and Niranjan, 1998; Rastogi, Estiaghi &
Knon, 1999: Beristain et al., 1990: Barat, Chipalt &
Fito, 1996). The main advantages of osmotic
dehydration include inhibition of enzymatic
browning. retention of natural colour without
addition of solutes, higher retention of volatile
compounds during further dehydration with no phase
change involved, and therefore, less energy
consumed during dehydration (Beristain et al.. 1990).
Poor understanding of the counter - current water
extraction and solute penetration during osmotic
dehydratron has hnrited its commercial applicatron rn
tropical fmits. Moisture - sohd transl'er during osmotic
dchydration modifies product characteristics and
stabil ity. giving a more plastic texture and reduced
n'roisture to be renroved during tlrc subsequent
dehydration. According to l-azalides and Mavroudrs
(1995) alnrost 50% of init ial moisture was lost in the
first 2 hours. rvhile an addrtional 20')i, rvas lost u'ithtn
the next 3 hours of osrrrotrc treatment ol ' apples.
Prolonged osmotic lreatmenl, *' i l l  lead to cxcessrve
soluble solid leaching, extensive solids uptake antl drop
in rvater loss rates. Water rales dropped to hall' their
init ial value rvithin an hour of immersion of apple slices
in sucrose solution (Lazarides, Nickolaidis &
Katsandidis . 1994). The objective of this study rs to
investigate the eff 'ects of slice thickness. rntntersion
time. solution concentration and tenrpcr.?iure. and
variety on moisture - solid changr's in banana duriug
osnrolic dehydration.
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I tA ' t -ERlA l .S  AND ) l  U ' l ' l lO l )S
l ) rocurenre  r r t  and prcpara t io r r  o l '  n la tc r i l l s
Sanrple s ol '  nratr lrL- grecn banana \\  cre
rlhtarn f l 'orn a local nlarket at I \ \arc. - l 'he bart lnas
' , r c l c  s t o l e r l  a t  1 6 " ( ' u n t l l  t h r ' i r t t u t l c d  s t a t e  \ .  I r r l r l
n l )u  (  ) r r r rn r  c r l .  ( 'avcndrsh  rnd  (  ' ( x )k ing  banat r ; l  a t
r t u g e  5  o n  h a n u n a  n p e n r n u  c l r a r t  ( l . n r t e d  I : r u r t  S a i e s
( 'oryroration. 196{ } rr clc uscti  l i rr  thc cxl le rrrnent.
( ' t l rnnrc rc ra l  s t rc rosc  ' ' ras  uscr i  l r s  the  Osr ro l rc  agent .
( )snro t rc  sugar  s ( ) lu t r ( )ns  t l l -  52  ,  6 ( ) '  and  68 ' ' l ]  serc
prt 'pared b1' cirssolr ir ts a rr 'eiqltcd anrount ol '  sucLose
u l  a  kno\ \  n  an lo r , l l l t  o l  d is t r l l c t l  r r  a lc l  rv r th  ue  r r l le
hcat r r tg  to  l ' ac i l i ta tc  conrp lc te  s r r -uar  t l i sso lu l ion  ' l ' o
c rc l t  o t '  thc  osn) ( ) t re  so lu t ron  0  25" , ,  so t l ru r r r
nlcl lblsulplute rvas i i i l , l , - ' t l
Osnro t ic  de l r l ' d ra t ion  o l  b r rnana var ic t ies
Bananas * 'ere pecled and transvcrscly cut
nrto 10. l-{  an<l 2Ornrl sl ices. and rvere packcd int<-r
t  r rc  rnashcs .  l ' l i csc  u  c - re  lhcn  rn rnrc r  scd  r r r to  t l te
prepared osr t t r r l i c  so lu t ro r ts  sh i l c  n rarn tarnrn t  a  I :20
1 r r  r r  y  l r .u r t .  sy rup  ra t io .  A  se l  o f  l i  u r l - :o lu t ron
l l r r \ lu res  r r l s  l :e | t  a t  l ; ' ( ' .  ano t l te r  sc t  r t  - l J  (  and a
thr rd  sc t  . l l  l 0 ' ( '  ( )snro t rc  s t l l t r t ton  concc l i l r J l lon  \ \  i . rs
lnon l to rc ( l  rv r th , \bhe lc l l ' ac tonrc tc r  and thc  s r r Iu l rons
r rc rc  rna in {ar r rc t l  a l  t l re  reqr r i rcd  concc l r t rJ t lon  bv
addr t ro r r  o l ' so lu te  s .hcn  ncccssarv .
Barrana sanrplcs \\ 'crc rcnr( lvc, l  l ionr thc
so lu l ron  J l  rcqu la r  r l t c rva ls  o f -2  hours .  qurck l r  r rnsed
u n d  
_ u c n t l v  b l o t t c d  s i t h  t i s s r r c  p 0 p c r  t o  r c r r r r r v c  t h c
adher rn t  s t ' rup  so lu l r t rns .  
' l hc  
sanrp lc r  uc lc  thcn
scrghed and dr icd  rn  a  Ga l lc r rkanrp  ovcr l  { \ l ( )dc l  0 \ '
l ( r0 )  a t  100 ' ( ' lbL  2{  hours  u \  ( l , j sc r rhc( l  b ' ,  Sar rka t .
( 'as ta rgr rc  &  \ lahara j  1  199( r  ) .  \ tu rs tu rc  an t l  to ta l
ro l r t l s  c t ln tg ) ls  \ \  c rc  de  t r - r rn r r rcd  accord in t  lo  the
n lc t l ro ( l  o l  l l r rck  (19( r9 ) .  and c \p fcssr -d  rn  tc l r r rs  o f ' s
\ \  a te r  g  r l rv  n r l t le  r  and t  so l lds  t  t r l  rn i t ra l  ln lss
rcspec t r r r ' l r ' .  A l l  e \per rn rcn ts  \ \ c rc  donc  r r ' l
tnplrcates atrd ar craqe \ alues \\  e rc rcportct l .
I {F ]S I ' I , I 'S  AND DISCT'SSI0 \
F- l ' f cc t  o l '  S l i ce  ' l ' h ickness  on  thc  ] lo is tu re  and
' l  
o la l  So l ids  ( 'on lcn t  I )u r ing  ( )snro t ic  l )ch ld ra t ion
' l  
hc  s l rce  th rcknc .s  o t  banana var ie t res
l l ' l i 'cted lhc resptlnsc t() {)snr()t lc dc}ir t l ratron. l 'he
rno ls tu rc  contcn t  a t ta lner l  t r1  hanana soaked rn
\ucrosc  so lu t ron  decrcasr 'd  r r  r th  decrcascd s l i ce
th rckncss .  l ' i gure  I  s l ro rv  l l r c  vanat r r )n  o l '  n ro rs lu re
cr )n tc l i t  * i th  s l i ce  th ickuess  o l '  Onr in i  red  banana.
Srnrr lar trencls s'ere noted rvith Cavendish and
( 'ookrng  hananas.  N lo ls tu re  c ( )n lcn t  o f  ( 'avend ish
t l c c r e a s e d  l i o r n . i . 8 7 l i  s  \ \ a t t : r  g  D  \ 1 .  t o  ( ) . 7 9 1 .  1 . 5 1 6
anrl I  f i . l -1. rcspcctivel).  lbr l(J. I- i  arrt l  -r f tr l rrr sl iccs
rnuncrsc't l  rn 6t)"1] suc!ose sohrtr()n. And. ntoisture
. ( )n tcn t  o l ' ( 'ookrng  banana decreased l ionr  -1 . - l58  g
r r a t u r  s  D  \ 1 .  t o  l . l 0 S .  1  2 7 6  a n d  l . - 1 9 . 1 .  l i r r  1 0 .  l 5
arrd 2Onrnr slices, rcspecti!ely inrmcrsed in (r()"[]
sucrose solut ion.  ' l -o ta l  so l rds content  incrcased rv i th
dccreased s l ice th ickness.  as shown for  Onrrn i  rcd
banana ( I r igurc 2) .  A s imr lar  t rend was observcd lbr
( 'avcndish and ( 'ookins bar tana.  ' lo ta l  so l ic ls  contcnt  o l '
( 'arcnr l rsh r r rc lcrser l  lkrnr  { ) .2()5 I  g  s<l l ic l  u  i r r r t ra l  mass
1o () -<5ii5.0 -1()7.1 anrl 0 377-1 lor l(). Li ancl 2()ntnt
s l ices.  rcspectrvc ly .  inr r lcrsecl  rn ( r ( ) " [ i  s i rcrosc solut ron.
Ancl .  to ta l  so l ids contcnt  o l ' ( 'ookrng banana incrcased
l'ront0.2279 q solrd g inrtial nrass to ().161(). ().42 | I and
0. .10(r t t ,  lbr  10.  l5  and 2()mm sl ices,  respcctrvc l l ' .
imnrcrsed in 6(t"B sucrose solution. [)ecreascd nroi.;turc
and tota l  so l ids contents of  banana rv i th  det lcasc s l rcc
th ickness is  due to increase rn exposecl  sur lace area pcr
unit rlrass. The increase rn surl 'ace area of contact wilh
tlte osntotic solutlon as the slicc thrckness ,lecrcased.
a l los 'cd for  greater  contact  $r th osnto l ic  so l r , l rorr  ( \ 'ao
and l-e \ ' laguer. 199(r.
I -azarrdes and Mavroudrs.  1995).  I t  has srnrr ]ar l i  bccn
f<lund for pineapple that one ol'the lactors al-t l 'etlnlr
mass translt 'r dLrring osmotic dchvdration rs thc sizc anrl
geonlet ry  o l '  the sol id  (Rastogi  and \ i ranlan.  199X.
l { as tog i c t  a l . .  1999 )
l . l ' l 'ect  of  Osnrol ic  Solut ion ( loncentrat ior t  on
Jlo is ture and ' l 'o ta l  Sol ids ( lontent  Dur ing ( ) r r rxr t ic
l )c l r r  drat ion.
\lorslur.e contcnls attained by banana slrces
r lecrc; rscd \ \  l t l )  rncrcasing osmot ic  concentrat ron.
I r tcrcasins osnrot ic  so lut lon concentrat ion fac i l i ta ted the
cxtractlon ol'Dlojsture fi.onr thc lruits resulting in Ic-r$'er
r rxr is lure contents rn the i iur t  p ieces.  F igure 3 s l ross
t l re val ra l ior i  o l '  morsture conter) ts  n i tb  solut ion
concenlra l ion of ' ( )nr in i  red banuna.  Sinr i lar  t rends \ \ 'erc
notc-d l irr ( 'ar cndrsh an(l Cookrng banattas. -l 'he
nr() ls ture c()ntc l l t  o l '  l icsh of  Cavcndish and ( 'ooking
banana \ \ 'c rc  ,1.878 and 3.3888 q uater  g I ) . \ ,1 . ,
rcspcct ivc l \ ' .  \ l0rsture content  o l -  Cookrng banana
clccreased to 1 175.  |  276 awl  l . (J6 l  g \ \ 'a ter  g D. \1.  in
52",(r() ' and fit i"B sucrose solutrons. respective l\ ' . alier
l2  hours of  imnrersron.  l 'he moisture conte l l t  o f
C'avendish banana <lc-creased to 1.815.  I  516 and L2- l -5
r  $v 'ater  g D \ '1 .  in  52 ' ' .60"  and 68"11 The lota l  so l rds
content  of  osnrosed bananas incrcased \ \ l lh  lncreaslnt . t
osnro l ic  so lu l ion concentrat ion.  C'onsrstent ly  hrgher
tota l  so l ids r rere obtarned in thc bananas osrnosed r r r
6E ' lJ sucrosc- solution. I '- igure -l shos s thc vat tation of
tota l  so l ids r r  i t l r  osrnr : t ic  so lut ion conce ntra l ron r . r f '
C 'avendish banana.  Siml lar  rcsul ts  ucrc obtarned lor
Orninr  red and ( 'ookinr :  banana rar iet ies ' lh t '  to ta l
solicls of fresh Omrni red and Cookrng banana rrere
0 .2 (17 l  and  ( )2279  g  so l i d  g  i n i t i a l  mass .  r cspcc t r r c l r
' lo ta l  
so l rds o l 'Onr in i  red increased to 0.1961.  ( t  1( t ( )6
; rnd 0 Jrr r  -  sn l rd s  in i t ia l  lnass l r1 52 ' .  6(1"  and 6b t l .
\ loreover. thc' totJI solids of ( ookrng banana incrca;c.l
to  0. .121l .  U. . l l9-1 and 0. . {84"  g sol idg rn i t ra l  nrass rn
i: ' ' .  60" .rr;.1 6S"8. atier l l  l iour.-< of inrmersion The
l-alode, li.O., .4wo1'ele, 0,O., Itp-Peters, P.l, and An orh, O.C. / LA L TECIT Journal ol E nginccring and Tcchnologl' I ( I ) 2003: 3 2 -,19
differential in concentration of solution and the fruit
solids. affected water-solid transfer. As sucrose
concentration of the solution was increased. more
sugar mrgrated into the fruit. Similarly. Beristain et
al.. (19901 reported that water loss from pineapple
slice increased with increased sugar concentration and
tenlperature. Higher water extractions from apple and
kiwi fruits were recorded as the solution concentration
increased (Panagiotu. Karanthanos & Maroulis. 1999).
10mm
1Smm
20mm
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concentration gradient. After 4 hours of osnrotic
dehydration there \,r'as no further appreciable
reduction in moisture content of the banana. More
than 5b% of the moisture reduction took place in the
first 2 hours of osmotic dehydration. This agrees
with the rvork of Lazarides and Mavroudis (1994)
on apples.
Fresh Omini red (0.2671 g solids/g init ial mass) and
Cooking banana (0.2279 g solid/g init ial mass)
varieties had higher total solids than the Cavendish
banana (0.2051 g solidig init ial mass). Total solids
content ol 'Cooking banana increased rapidly and
attained the nraximum total solids. but consistently
lorver total solids were recorded for Cavendish and
Omini red bananas (Figure 6). Omini red had the
lorvest change in total solids conte'nt aticr l2 hours
of osmotic treatment. This showerl t lrat solutc
uptake of the Onrini re'l u'as lorver r:otrtpared to thc
other 2 vaneties. ' l 'his r. advantageous. incc loscr
solute infusion sorrld ir.r: it solute depletrrrrr i r t lre
osmotic solution. thus enltancing susar ccorx)nlv
during thc process.
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Effect of Varietal Difference on Moisture and
Total Solids Contents During Osmotic
Dehydration.
The variation of moisture contents
attained by lOmm slices of Omini red. Cavendish
and Cooking bananas in 52oB sucrose solution is
shown in Figure 5. Cooking and Cavendish
bananas had higher initial moisrure content than
Ornini red banana. For all the banana varieties,
nrorsture contents declined rapidly in the first 2
hours of inrmersion. Between 2 and 12 hours of
imnrcrsron. an almost l inear relationship occuned
between moisture content and immelsion time.
Although the Omini red variety (2.741 g \\ 'ater g
D.M.) had the lowest init ial nroisturL' content,
attained the highest moisture content anlong the
three varieties after l2 hours of osmotic
dehydration. This is due to the hrgher rnit ial
soluble solids 123"8; content of Omini red prior
to osmotic treatment. According to Saurel et al.
( 1994) the overall cause of water extraction from
the product into the solution is the internal
1 21 0
lmme6r6 trme {hrs)
Fig. 1 Variation of Moisture Content with Thickness of Ominl Red Banana lmmersed in
EooB Sucrose Solution.
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Fig. 2 Variation of Total Solids with Thickness of Omini Red Banana lmmersed In 60o8
Sucrose Solution al 27"C.
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Fig. 3 Variat ion of Moisture Content with Sucrose Solut ion Concentrat ion in 1Smm Thick
Cuokiiig Banana at 27oC.
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Fig. 5 Varlation of Moisture Conlent in 1Omm Thick Slices of Banana Varieties
lmmersed in 52oB Sucrose Solutlon.
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Effect of Osmotic Solution Temperature and
Immersion Time on Moisture and Total Solids
Contents During Osmotic Dehydration.
Figure 7 and 8 show the effect of osmotic solution
temperature on the moisture and total solids contents
respectively. There was higher decline of moisture
ccintent of banana slices immersed in the 400C
osmotic solution than in the 340C and 2Jt'C
solutions. Steeper curves obtained at higher
temperature showed increased water removal. This
is due to the increased solute infusion into the fi'uits
resrrlting in higher total solids content. According to
Yao and Le Maguer (1996) solute infusion into
materials of cellular structure, initiated the outflow
of water from the fruit. Increase in solution
tenrperature could have resulted in greater mobility
of osmotic solution and diffusion of sugar molecules
into the fruit pieces. Increasing the osmotic solution
ternperafure resulted in increased water extraction
and solute infusion from pineapple, apple, and carrot
(Reristain et al., 1990; Lenart and Lewicki, 1990;
S;rurelet al.. 1994; Rastogi et al., 1999).
Generally, moisture content of banana slice
decreased with increased immersion time (Figure 5).
Moisture contents dropped rapidly during the first 2
hours, but an almost linear relationship prevailed
from the second to the twelfth hour of immersion. A
conesponding increase in total solids was also
recorded in the first 2 hours, followed by a linear
reiarionship bet*'sen the second to the twelfth hour
of immersion. Complex polynomial equations
showing the relationship betu'een experimental and
8 1 0 1 2
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predicted values of moisture and total solids content
during osmotic dehydration are shown on the
Figures l-8. Piedicted and experimental values of
moisture and total solids content showed hish
correlation (R2 : 0.9919 - 1.000).
CONCLUSIONS
Moisture contents of the banana slices were found to
decrease with increased immersion time. solution
concentration and temperature. Horvever, moisture
contents decreased with decreased slice thickness.
Total solids content increased with increased
immersion time, solution concentration and
temperature, but decreased rl,ith decreased slice
thickness. Moisture contents dropped rapidly during
the first 2 hours, but an almost linear relationship
prevailed until the termination of osmotic
dehydration. A corresponding increase in total
solids was recorded in the first 2 hours, follorved by
a linear re lationship between the second to the
twelfth hour of immersion. Osmotic pretreatment
helps to reduce moisture content and increased total
solids of bananas prior to further air-drying or
vacuum drying. This wrll enhance energy econonry
during air-drying, and limit the collapse of structure
in preosmosed banana because ofthe sucrose infused
into the bananas.
Fg' t SiddSsesord$TgrFdhrEa|TdSft d llmTfid(coddE Ennsteffi h sfBsrcsdtln
Falode, K,O., .{rt'oyele, O.O., L!.o-Peters, P.l. and Atporh, O.C. / LAUTECH Journal of Engineering and Techuology l( I ) 2l)l)3: 32--19
REI'I iRENCES
Barat. J.M.E.. Chipalt. R. & Fito P. ( 1998).
Equilibrium in cellular food-osmotic solution
svstems as related to structure. Joumal of Food
Science 6l: 863-840.
lJeristain, C.1.. Azura. E.. Cortes. R. & Garcia, H.S.
(1990). Mass transfer during osmotic dehydration
of pineapple rings. International Journal of Food
Science and Technology 25: 576 - 582.
Lazarides. H.N & Maviroudis. N.E. (1995).
I'reeze'Thaw effects on mass transfer rates during
osmotic dehydration. Journal of Food Science 60:
826 - rJ2E.
l-azarrdes. t{.N.. Nrckolaidis, A., & Katsandidis,
E.( 1994). Sorption changes induces by osnrotic
preconcentration of apple slices in different
osmotic rrredia. Journal of Food Science 60: 348 -
_150.
Lenart, A. & Lewicki. P. P. (1990). Osn'rotic
dehydration of apple at high temperature. A.S.
iVlajunxlar (Ed.) Hemisphere Publishing
Cooperation, Nerv York. pp 7 - 14.
Panagiotou, N.M., Karanthanos, V.T. & Maroulis,
Z.B. (1999\. El'fect of osmotic agent on osmotic
dehydration of fruits. Drying T'echnology l7 (l &
2  ) .  1 7 5  1 8 9 .
Rastogi, N.K. & Niranjan. K. (1998). Enhanced mass
transfer during osmotic dehydration of high pressure
treated pineapple. Journal ofFood Science 63: 508 -
5 l  l .
Rastogi, N.K., Eshtiaghi, M.N. & Knorr, D. (1999).
Accelerated mass transfer during osmotic dehydration
of high intensity electrical field pulse pretreated
carrots. Joumal of Food Science 64:. 1020 - 1023.
Ruck, J.A. (1969). Chemical methods for analysis of
fruits and vegetable products. Department of
Agriculture. Canada: SP50 Summerland Research
Station. p27 - 3O.
Sankat, C.K., Castaigne, F. & Maharaj, R. (1996).
The air drying behaviours of fresh and smotically
dehydrated banana slices. International Journal of
Food Science and Technology 31, 123 - 135.
Saurel, R., Raoult 'Wack, A.L., Rios, G. & Guibert, S.
(1994). Mass transfer phenomena during osmotic
dehydration ofapple I fresh plant tissue. International
Journal of Food Science and Technology 29: 531 -
5 4 1 .
United Fruit Sales Corporation (1964). Banana
ripening guide. Boston, Ma. USA.
Yao, Z. & Le Maguer, L.M. (1996). Osmotic
Dehydration: An analysis of fluxes and shrinkage in
cellular structure. Transactions of the ASAE 39 (6):
22l t -  22t6.
